The purification process of electrolytes contaminated from electrorefining consists in placing them in contact with an ion exchange resin which can function continuously due to its reconditioning with hydrchloric acid. The treatment of the resultant solution, known as elution, consists in doing a fractional distillation releasing hydrochloric acid and gaseous chlorine. The release of these represents most of the operational problems in the electrolyte treatment plant. This paper proposes an alternative to this distillation process, using a reactive electrodialysis cell and cation and anion exchange membranes.
INTRODUCTION
The reserves of Ministro Hales division of Codelco are estimated in 1,300 million tons of copper sulfide ores, with a mean richnesss of 0.96%. The final product obtained will be processed at the Chuquicamata smelter and refinery 1 .
The problem is that this ore contains antimony and bismuth impurities that cannot be eliminated by smelting, so they will remain in the system until the electrorefining where the copper present in the anode dissolves in the electrolyte, together with antimony and bismuth which contaminate the solution and affect the quality of the resultant cathode.
The quality of electrolytic copper is one of the greatest concerns in refining, and that is why the impurity levels have great importance in achieving this objective. In particular, antimony and bismuth have standard reaction potentials similar to that of copper, as can be seen in Table 1. 1. Both having similar requirements to react energy can do so in different ways, either depositing on the cathode or forming floating slime. For this reason they are considered harmful impurities, not only because of their influence on the characteristics of the copper cathode obtained, but because of the difficulty to control them. The effect of these elements is harmful to the physical properties of the copper cathode. 
Electrodialysis
Electrodialysis is the procedure for the purification or concentration of solutions by applying a potential difference and the separation of the compartments by means of one or more ion exchange membranes (EM) which have the quality of allowing selectively the passage of ions through them, with the cationic (CEM) allowing the passage of cations, and the anionic (AEM) allowing the passage of anions. The name reactive electrodialysis (RED) is used when the products of interest are formed by electrochemical reactions 2, 3, 4, 5 .
The process used at present to remove the antimony and bismuth consists in contacting the copper electrorefining electrolyte with an ion exchange resin that captures the impurities and allows the recirculation of the clean electrolyte back to the electrorefining. Then it is necessary to regenerate that same resin to reuse it, so it is contacted with hydrochloric acid. This elution process regenerates the resin by ion exchange between the proton and the impurities captured on the resin, so that the process is cyclic.
After the ion exchange stages, fractional distillation is used to recover the acid from the eluting solution. In this way, gaseous HCl and Cl 2 are obtained, both very corrosive and harmful to health, so they require very careful control during the operation.
To recover the hydrochloric acid from the eluting solution we propose to replace the fractional distillation stage by reactive electrodialysis, where the recovery will take place by the flow of chloride ions from the eluting solution to the anode compartment, and the oxidation of water reaction. In this system a cationic membrane will be used to separate the catholyte and the eluting solution, allowing the passage of antimony and bismuth ions, and of protons, as shown in Figure 1 .1. In turn, an anionic membrane will be used to allow the passage of chloride ions from the eluting solution to the anolyte. Protons will be produced at the anode from the oxidation of water, so hydrochloric acid will be formed.
The flow of ions in an electrochemical system is given by the NernstPlanck equation:
Equation (1) shows that the flow of ions in any system is due to any of the just mentioned motor forces: diffusion, convection, and migration 6, 7, 8, 9, 10, 11 .
Reactive electrodialysis is used because chloride ions in particular have a large radius compared to most of the species, so the flow of ions by diffusion is low. For that reason the main ion flow mechanism is migration.
EXPERIMENTAL PROCEDURE
To carry out the RED use was made of a main circuit with three equal sections that contain the working solutions, and a secondary circuit whose purpose is to heat the electrolytes by circulating hot water. The RED cell consisted of 3 compartments, with two ion exchange membranes as separation medium, attached to eva rubber sheets. A Hydrodex HDX100 (cationic) membrane was used between the cathode and the elution compartment (central), and a Hydrodex HDX200 membrane (anionic) between the central piece and the anodic compartment, to allow the passage of chloride ions to the anolyte 12 .
RESULTS AND DISCUSSION
The results are presented in tables 3.1 to 3.3 and in the figures that follow: Table 3 .1 presents a summary of all the parameters and their values used in this study, in particular for an electrolyte flow rate of 1 L/min and a testing time of 5 hours. Table 3 .2 gives the same parameters, but for a flow rate of 0.5 L/min. The cathode was a 38 x 28 mm stainless steel plate with an effective area of 744 mm 2 . The anode was a graphite block 48 x 38 x 18 mm, with an effective area of 1000 mm 2 . The reverse side of both electrodes was coated with silicone to improve the adhesion of the cell and avoid leakage. The relevant current density in this system is the anodic, because work must be done mainly with the reaction of water to oxygen, avoiding the formation of gaseous chlorine from the chloride ions. Current densities of 300, 400 and 500 A/m 2 were used in this experiment.
Effect of electrolyte flow
Since this is a RED system, there is a chloride ion flow from the eluting solution to the anolyte as well as acid production in the anolyte from water oxidation. The formation of HCl is greater in all the tests because in the anolyte there is an initial chloride concentration. The objective of the system is to produce acid using the chloride ions that have crossed the membrane. Therefore, the following results consider only this parameter (Table 3. 
1).
It is important to stress that the net mass of chloride ions obtained is the result of two phenomena: on the one hand, there is a flow of chloride ions through the anionic membrane to the anolyte, and on the other there is an oxidation of these ions to gaseous chlorine at the anode. This can be visualized when the cell voltage is increased from V1 to V2, as schematized in Figure 3 .1.
increases, there is an increase of the transferred chloride ion mass, because the transport of chloride ions by convection is favored. However, increasing the flow rate has another effect on the system, increasing the limiting current of the particular ion, which is reflected in a displacement of the curve of the parasitic reaction of the chloride to gaseous chlorine toward higher current densities, as seen in Figure 3 .5, a phenomenon that depletes the anolyte of chloride ions. 
Effect of temperature
The results given in Table 3 .3 show that as temperature increases, the net transfer of chloride ions increases considerably for all the current densities (see Figure 3 .2). The temperature increase not only decreases the cell voltage (by increasing the conductivity of the electrolytes), as seen in Figure 3 .3, but it also favors the mobility of ions through the membrane, finally increasing their net flow from the central to the anode compartment.
In Figure 3 .4 it is seen that the specific energy consumption decreases drastically as the temperature increases. In fact, at 20 °C and 30 °C the consumptions are very high because there is almost no net flow of chloride ions. At a current density of 300 A/m 2 and 40 °C a particularly low value is reached with respect to all the others, 4.6 kWh/kg Cl -.
On the other hand, although the cell potential decreases with increasing temperature, the effect of this voltage on the specific consumption is low.
The effect of the temperature on the electrochemical systems is large because they are processes that usually have a high activation energy and their kinetics is favored to a large extent by the temperature increase.
Effect of the flow rate
Working at constant temperature it can be seen that as the flow rate According to Figure 3 .6, at lower current densities the increased flow increases the ion mass obtained. As higher current densities are reached, particularly 500 A/m 2 , as the flow rate in creases the parasitic reaction at the anode becomes more important than ion transport through the membrane, causing a decrease of the net chloride mass in the anolyte. As shown in Figure 3 .8, the specific energy consumption depends to a large extent on the transfer of ions through the anionic membrane, because the trend of the curves of Figure 3 .8 is the opposite of those of Figure 3 .4, while the cell voltages remain practically constant (see Figure 3.7) . A difference is seen, however, in the specific energy consumption (Figure 3.8) , because this parameter is associated with the mass of transported ions, as was shown in Figure 3 .6, and it is inversely proportional to it, i.e., the greater the transported mass, the lower is the specific energy consumption.
Effect of current density
Working at constant flow, an increase of current density causes a decrease of the mass of chlorides transferred (see Figure 3 .9) and an increase of the cell voltage (Figure 3.10) . This is because at higher current current densities there is also a cell voltage increase, and then the parasitic oxidation reaction of chlorides at the anode becomes increasingly important, resulting in a greater consumption of ions in the anolyte, as was seen in Figure 3 .1. At lower temperatures, the consumption of ions in the anolyte is greater than their flow across the membrane, getting a nil net transfer, as confirmed by the high specific energy consumption obtained during the tests, because the net chloride mass is so low that it allows this value to increase substantially with respect to tests at higher temperatures. In brief, it is possible to mention that the cell voltage (Figure 3 .10) as well as the specific energy (Figure 3 .11) increase with increasing current density. As shown in Figures 3.10 and 3 .11, the amount of energy that must be applied for the operation of the system is too high to make it a viable alternative to fractional distillation at low temperatures.
CONCLUSION
It can be concluded that it is possible to recover clean hydrochloric acid from an eluting solution using reactive electrodialysis and working at low current densities and high temperatures, in this way avoiding the operational problems of the fractional distillation process.
Both parameters, current density and temperature, play a fundamental role in the proposed system, because they are the parameters that make it possible to avoid the parasitic oxidation reaction of chloride ions, improving the efficiency of the process.
